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12. . $2\mathfrak{n}$ $M$
$n$ $T$ $(M, T)$ $(M, T)$
(1) $T$
(2) $T$ $M^{T}$ ( $M^{T}$ )
(3) $M$ omnioriented.
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$\bullet$ dim $M_{i}=2n-2$ .. $M_{i}=(M^{C})^{o}$ , $T$ $C(\simeq S^{J})$
$\bullet M_{i}\cap M^{T}\neq\emptyset$.
$M$ $M_{i}$ $M$ l omnior-
iented omnioriented (1),(2)
Example. $T$ $(t_{l}, \cdots t_{\mathfrak{n}})$ $\mathbb{C}P(\mathfrak{n})$ $[z_{0}$ : $z\}$ :. . . : $z_{n}]$
$n$ [zo : $t_{1}z\uparrow$ : . .. : $t_{v\iota}z_{\mathfrak{n}}$] $(\mathbb{C}P(n)_{\backslash }T)$
$M/T$ $n$ $\Delta^{\mathfrak{n}}$
$(\mathbb{C}P(n), T)$
Example. $2n$ $S^{2\mathfrak{n}}\subset \mathbb{C}^{7t}\oplus \mathbb{R}(\simeq \mathbb{R}^{2r\iota}" J)$ $T$ $\mathbb{C}^{\mathfrak{n}}$
$T$ $S^{2\mathfrak{n}}$ $(S^{2n}, T)$ $n\geq 2$
l-skelton 2 $2n$ $M/T$
13. . 1999





Demazure 1970 $M$ Aut(M)
[De70] $M$ $(\mathbb{C}^{*})^{n}$ Aut(M) Demazure




Problem 2. $(M, T)$ $T$ $G$ ?
$G$ Homeo (M)
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Problem 3. $G$ $T$ ( )
$(M, G)$ $G$ $T$
$(M, T)$ $(M, G)$
Problem 3 $G$ $T$






$\prod_{h=J}^{a}SU(1_{h}+1)\cross\prod_{i=1}^{b}$ SO $(2\mathfrak{m}_{\mathfrak{i}}+1)$ .
$G$ $M$ ( $\sum_{h=1}^{o}1_{h}+\sum_{i--\uparrow}^{b}m_{i}=n=\dim T$
)
Theorem B. $(M, T)$ $(M, G)$ $H^{1}(M;\mathbb{Z}_{2})=$
$0$ $M$
(1) $M_{\rho^{--}}^{s_{-}}\prod_{i-- t}^{b}S^{2\iota \mathfrak{n}s}\cross\{\cross\Pi_{h=\iota}^{\alpha}Stu\downarrow\uparrow)xU\mathfrak{l}t_{h}\}|(!_{\grave{7}}R)\}$ ,
(2) $M_{0}^{S}=\prod_{i=1}^{b}S^{2m}\cross\prod_{b=1}^{\alpha}\mathbb{C}P(1_{h})\cross S(\mathbb{R}^{2k_{1}}-\vee\wedge. \mathbb{R})$ ,
(3) $M_{p.k_{t}.k_{\sim^{l}}}^{P}=\prod_{i=t}^{b}S^{2m_{\mathfrak{i}}}\cross\{(\prod_{b=1}^{\alpha-\dagger}su(1_{h}+1))\cross\Pi_{h--,Stu\{\uparrow|\cross Ut\iota_{1\iota}|,|}^{\alpha-\cdot\iota\cdot P(\mathbb{C}_{p}^{k_{\mathfrak{l}}}}-’\backslash \vee\neg \mathbb{C}^{k_{2}})\}$,
(4) $M_{1)_{\backslash 1-}}^{s_{k,k\backslash }}.=\prod_{i=1}^{b-1}S^{2m_{i}}\cross t-- x_{\Pi_{h--I}^{a}S(u(11xt1^{(}1_{t\iota}||}S(\mathbb{C}_{p}^{k_{I}’}\oplus \mathbb{R}^{2k_{2}+1})$ },
(5) $M_{0.k_{t}.k_{l}}^{S}\simeq\prod_{\mathfrak{i}=t}^{b-1}S^{2\pi\iota_{t}}\cross\prod_{h=\uparrow}^{\mathfrak{a}}\mathbb{C}P(1_{h})\cross S(\mathbb{R}^{2k_{I}}\oplus \mathbb{R}^{2k_{2}+\uparrow}))$
$G$
(1) $G=\prod_{i-i}^{b}SO(2m_{i}+t)\cross\prod_{h=1}^{a}SU(1_{h}+1)\cross U(k_{1})$ ,
(2) $G=\prod_{\dot{t}-}^{b}-1$ SO $(2 m_{i}+1)\cross\prod_{h=1}^{\alpha}SU(1_{h}+\rceil)\cross SO(2k_{1})$ ,
(3) $G=\prod_{i=1}^{b}SO(2m_{i}+1)\cross\prod_{h=i}^{a-1}SU(1_{h}+1)\cross S(U(k_{I})\cross U(k_{2}))$ ,
(4) $G—\prod_{i-1}^{b-\dagger}- SO(2m_{i}+1)\cross\prod_{h=1}^{a}SU(1_{h}+1)\cross U(k_{1})\cross SO(2k_{2}+1)$ ,
(5) $G=\prod_{i_{-\dagger}^{--}}^{b-1}SO(2\mathfrak{n}_{h}+1)\cross\prod_{h=1}^{\mathfrak{a}}su(1_{h}+1)\cross SO(2k_{1})\cross SO(2k_{2}+1)$ .
$\mathbb{C}_{(}^{k_{I}}$, $k_{1}$ $\prod_{b=t}^{\mathfrak{a}}S(U(1)\cross u(1_{h}))$ $P$
$p$ : $((\begin{array}{ll}t_{I} 00 A_{1}\end{array})$ $\cdots’(\begin{array}{ll}t_{Q} 00 A_{\alpha}\end{array}))-$ } $\iota_{\iota}^{\tau\uparrow\cdots t_{\alpha}^{r_{Q}}}\in S^{1}$ .
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Corollary $B$ . Theorem $B$ $(M, T)$
$(M, G)$
$M_{p,k_{1\prime}k_{A}}$, $=$ $( \prod_{h=1}^{\mathfrak{a}}su(1_{b}+1))\cross\Pi_{k=t}^{\alpha}s(u(1I^{x}ut\iota_{b}\{)P(\mathbb{C}_{p^{1}}^{k}\backslash 1\propto\tau_{l}\mathbb{C}^{k_{2}})$ ,
$G\simeq\prod_{t--}^{a}SU(1_{h}+1)\cross S(U(k_{I})\cross SU(k_{2})))$
$\sum_{h=\uparrow}^{\alpha}1_{t\iota}+k\uparrow+k_{2}-1=n=\dim$T.
complexity one extended Bott tower
Hirzebruch ($\mathbb{C}P(1)$ $\mathbb{C}P(1)$ ) ki $-k_{2}-- a=$
$1=1_{1}$ Hirzebruch
1.4. . Theorem $A,$ $B$
2 [ - ]








$T^{n}$ $(W^{2m}, T^{n})$ $(m\leq t\iota)$
(1) $0$ -H-\llcorner ( $W^{T}$) $W/T$ $0$
(2) 1 $W/T$ 1
lBott tower $\Gamma|P(1)$ $\mathbb{C}P(1)$ $\mathbb{C}P(\dagger)$ $\mathbb{C}P(1)$ ...
$\mathbb{C}P1\mathfrak{l}$ ) extended $B()tt$ tower
$\mathbb{C}P(l|$ 2complexity one extended Bott
tower $b$ extended Bott tower
,.
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$(M, T)$ $T$ $G$ $(M, G)$
[ ]
Theorem 2.1 ([Gu-Ho-Za06]). $M$ $G$ { )
(1) $(M, T)$ GKM ($T$ $G$ )
(2) $X(M)=\sum_{\dot{t}}$ rank $H^{i}(M)\neq 0$ .
(3)
)
$/H$ $H$ $G$ $T$ ( $H$
GKM
Problem . $G$ $H$ $(G, H)$ :
$G$ $T$ $(G,/H, T)$ (
$n=\dim T=\frac{\dagger}{2}\dim C.’!H^{-}--\frac{1}{2}$ ( $\dim$ G–dim H) )
$t\rangle$
Lemma 2.2. $G$ $G=G_{1}\cross\cdots\cross G_{k}\cross T’$
$H\subset G$ $=H_{1}\cross\cdots\cross H_{k}\cross T’$
$G_{\mathfrak{i}}$ Ht $T’$
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‘ $(M, G)$ essential isomorphism $lM,$ $G$ )
$G$ $(G/H, T)$ $(G_{t}/H_{t}\cross \cdot. . xG_{k}/H_{k}, T_{t}\cross\cdots\cross T_{k})$
$G_{i}$ $H_{i}$
Lemma 2.3. $(G/H, T)$ $(G_{i}/H_{\dot{t}}, T_{i})$ ( $i=1$ , $\cdot$ .. , k)
( 2 dim $T_{i}=\dim G_{t}/H_{i}$)
Proof. $(M, T)=(G/H, T)$
(2.1) 2 dim $T=2\mathfrak{n}=\dim(G/H)=\sum_{\mathfrak{i}=t}^{k}$ dim $( G_{i}/H_{i})=2\sum_{i=1}^{k}$ dim $T_{i}$ .
$p=$ $(P\iota , p_{k})\in M^{T}=M_{1}^{T,}\cross$ $\cdot$ $xM_{k}^{T_{k}}$ tangenfial representafion
$T_{p}(M)=T_{Pt}(M_{1})\oplus\cdots\oplus T_{p_{k}}(M_{k})$ .
$T_{Pt}(M_{i})$ tangential representation
$T_{P:}(M_{i})=V(\alpha_{1})\oplus\cdot$ . . $\neg’\overline{\sim};\backslash ;V(\alpha_{1})$
$(M, T)$ $\alpha_{1},$ $\cdots,$ $\alpha_{1}\in t_{\mathfrak{i}}^{*}$
2dim $T_{;}>\dim G_{1}/H$, 21
2dim $T_{i}<\dim G_{i}/H_{i}$
$\alpha_{t},$ $\cdots,$ $\alpha_{1}\in$
$t_{i}^{*}$ $i=1,$ $\cdots,$ $k$ dim Gi $fH_{i}\square ---$
$2\dim T_{1}$
TheoremA $G_{\mathfrak{i}}/H_{i}$
Gi $H_{i}$ dim $G_{i}/H_{i}=$
dim $G_{\mathfrak{i}}-\dim H_{\mathfrak{i}}=2$ rank Gt
$S$ $S’$
([ - ] )
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$A_{t}\approx SU(14- 1),$ $B_{t}\approx SO(21+\rceil),$ $C_{t}\approx Sp(1),$ $D_{1}\approx SO(21)$ $E_{6}$ ,
$E_{7},$ $E_{8}$ , F4, G2 $S$
dim $A_{t}=1^{2}+21$ , dim $B_{1}=\dim C_{\iota}=(21+\rceil)1$, dim $D_{t}=1(21-\rceil)$
dim $E_{6}=78$ , dim $E_{7}=133$ , dim $E_{8}=248$ , dim $F_{4}=52$ , dim $G_{2}=14$ .
dim $S/S’=\dim$ S–dim $S’$
dim $A_{\iota}/(A_{\dot{\tau}-\cdot 1}\cross A_{1-i}\cross T^{I})=-2i^{2}+2li+2i(1\leq l<1)$ ,
dim $B_{\iota}/(B_{1-\dagger}\cross T^{1})=41-2$ ,
dim $B_{t}/\mathfrak{l}B_{i-\mathfrak{l}}\cross D_{t-i+1}$ ) $=-21-4i^{2}+6i-2+4li(1<i<1)$ , dim $B_{t}/D_{1}=21$ ,
dim $C_{1}/(C_{\dot{\iota}-- t}\cross C_{1-i+1})=-4i^{2}+8i-4+4li-41(1\leq i<1))$
dim $C_{1}/(A_{t}\rceil\cross T^{\iota})=1^{2}+1$ , dim $D\iota/(D_{t-\rceil}\cross T^{\rceil})=41-4$,
dim $D_{\mathfrak{l}}/(D_{i-1}\cross D_{t-i+1})=8i-4i^{2}+41i-4arrow- 41$ , dim $D_{t}/(A_{1-1}\cross T^{\rceil})-1^{2}$ –1,
dim $E_{6}/(D_{5}\cross T^{I})=32$ , dim $E_{6}/(A_{1}\cross A_{5})=40$ , dim $E_{6}/(A_{2}\cross A_{2}\cross A_{2})=54$ ,
dim $E_{7}/(D_{6}\cross A_{1})=64$ , dim $E_{7}/A_{7}=70$ , dim $E_{7}/(A_{2}\cross A_{5})=90$ ,
dim $E_{7}/(E_{6}\cross T^{\rceil})=54$ , dim $E_{8}/D_{8}=158$ , dim $E_{8}/A_{8}=168$ ,
dim $E_{S}/(A_{4}\cross A_{4})=200$ , dim $E_{8}/(E_{6}\cross A_{2})=162$ , dim $E_{8}/(E_{7}\cross A_{\dagger} )$ —112,
dim $F_{4}/(C_{3}\cross A_{t})=28$ , dim $F_{4}/(A_{2}\cross A_{2})=36_{\backslash }$ dim $F_{4}/B_{4}=16$ ,
dim $G_{2}/A_{2}=6$ , dim $G_{2}/(A_{\rceil}\cross A_{1})=8$ .
- $21$ ( $=2$ rank S)
$A_{t}/\{A_{1-1}\cross T^{1})_{--}\simeq su(1+1)/S(u(1)\cross u(\rceil)I^{\simeq}\mathbb{C}P(1)$
$B_{t}/D_{1}--\simeq$ SO $(21-\vdash\rceil)/SO(21)\cong S^{2\iota}$
$B_{1}/T^{t}\underline{\sim}- SO(3|/SO(2)\cong S^{2}\cong Sp(1)/T^{1}\cong C_{1}/T^{1}$
$D_{3}/(A_{2}\cross T^{t})\cong Spin(6)/U(3)\cong SU(4)/S(U[3)\cross u(\rceil))=\sim A_{4}/(A_{3}\cross T^{1})\cong \mathbb{C}P^{3}$
$S^{n}$ $S^{1}$’ $S’$
( $-\}_{arrow}\sim$ $(S,$ $S’)$ ) dim $S/S^{(1}>\dim S/S’$
$S^{:}$
Lemma 2.4. $(G_{i}/H_{i}, T)$ $G_{i}\supset H_{i}\supset T$ , dim $G_{i}/H_{i^{-}}-2$ dim $T=21$ $G_{\iota}$
$G_{\mathfrak{i}}/H_{i-}^{\underline{\vee}}- S^{21},$ $\mathbb{R}P(21)$ CP(L)
Theorem A




Problem . $(w^{4n}, T^{n+t})$ GKM $(W, G)$
Theorem 22 $(G, H)$
dim $G/H=4\dim T+\rceil$
– Lemma 2.3




$T^{2}$ $S^{6}$ $S^{6}=G_{2}/SU(3)$ $T^{2}\subset SU(3)\subset G_{2}$
$(W^{8}, T^{3})$ $(W^{4\mathfrak{n}}, T^{\mathfrak{n}+^{\iota}1})$
$G$
Proposition 2.5. $(W^{4n}, T^{\mathfrak{n}+1})$ $G$ $(W, G)$
2
(1) $(\mathbb{H}P(n), Sp(n11)),$ $\mathbb{H}P(n)$ $Sp$ $(n+1)/Sp(n)\cross Sp(\rceil)$ .
(2) ( $Q_{2n}$ , SO $(2\mathfrak{n}+2)$ ), $Q_{2n}$ SO $(2n+2)/SO(2n)\cross SO(2)$ .
(3) $(\mathbb{C}G_{\mathfrak{n},2}, S\mathfrak{U}[n+2)),$ $\mathbb{C}G_{n,2}$ $su(n+2)/S(U(\mathfrak{n})\cross U(2|)$ .
3.
$(M, T)$ $T$ $G$ $(M_{\backslash }G)$
31. $H^{1}(M;\mathbb{Z}\underline{)})---\cdot 0$
Theorem 3.1 ($Uchida[Uc77]$ Lemma 1.2.1). $G$ $M$
$H^{t}(M|\mathbb{Z}_{2})=0$ $G$ $M$ J-L $G(x)$
$G(x)\cong G/K$ $(M, G)$
$G(x\uparrow)\cong- G/K_{1}$ $G(x_{2})-\sim-G/K_{2}$ $G(x_{s})$ $X_{s}$
$M=X_{1}\cup X_{2}$ and $X_{1}\cap X_{-}=\partial X_{1}=\delta X_{2}$
1
$[Br72]$
Theorem 3.2 ( ). $G$ $M$ $G$
$x_{i}\in M$ $G(x_{i})\cong G/K_{i}$ $X_{i}$ $G$




$G/K_{t}$ $G/K_{2}$ $X_{\rceil}\cong G\cross\kappa_{1}D^{\mathfrak{m}_{\rceil}}$ $X_{2}\cong G\cross K_{2}D^{m_{2}}$ $K_{i}$
$D^{m_{\mathfrak{i}}}$
$\sigma_{i}$ : $K_{i}arrow 0(m_{i})$
$K_{i}/K\cong S^{m_{i}-1}\subset D^{m_{i}}$ Kt $S^{m_{\mathfrak{i}}-t}\subset D^{m_{i}}$
([Mo-Sa431, [Bo50], [Po591)
Theorem 3.3. $G$ $\Sigma^{\tau n}$
$H$ $G$ $G_{1}$
$G_{\ddagger}/(G_{1}\cap H)=\Sigma^{m}$
Theorem3.4. $G_{1}$ $G$ $G_{t}/H_{1}\cong\Sigma^{m}$ [Bo50], [Mo-Sa43]
(1) $m$ $G_{1}=SO(m+1)$ G2 $(m=6)$
(2) $m=21-1$ 1 $G_{1}=SO(m+1)$ SU (
(3) $m=21-1$ 1 $G_{1}=SO(\mathfrak{n}\iota+1)$ , Su(l), $Sp$ $(1/2),$ $Spin(9)(m=15$,
$1=8)$ SPin(7) $(m=7,1=4)$
$H_{t}=G_{1}\cap SO(rn)$ $G_{\mathfrak{s}}$ SO $(\uparrow \mathfrak{n}+1)$ –\rightarrow
$\Sigma^{m}$ $s\uparrow \mathfrak{n}$
Theorem 3.5. $G_{1}(\subset G)$ Theorem 3.4 Gl $\subset G\subset N(G_{t})^{o}\subset$
SO(m+l) $N(G_{1})^{O}$ $G_{t}$ $SO(m+1)$
(1) $G_{1}=SO(\tau n+1),$ $G_{2}(m=6)$ , Spin(7) ($m=7,1=4$ { $h^{\backslash }$ Spin(9) $(\mathfrak{m}=I5,1=8)q$)
$N(G_{1}1^{o}---- G_{1}$ $G_{1}=G$
(2) $G_{1}--\cdot$. su (1) $N(G_{1}I^{o}=u(1)$ . $G=G_{1}$ $u(1)$ .
(3) $G_{1}=Sp(\underline{\frac{\iota}{)}})$ $N(G_{\rceil})^{o}=Sp(\frac{1}{2})\cross_{\ 7_{2}} S^{3}$ $\mathbb{Z}_{\wedge}$,
$\backslash$
’-Id, $-1$ )
$G$ Gt, $Sp(\frac{1}{2})\cross p_{\lrcorner 2}S^{1}$ $Sp(\frac{\iota}{2})\cross\tau_{-}L’ S^{3}$ .
[Hs-Hs65]
Lemma3.6. $O(21)$ $H$ $S^{2t-1}$ rank HH $=1$
$0(21)$ }-1 $\simeq u(1)$ SO(21).
Theorem 3.2 Lemma 3.6 $G/K_{t}$ $G/K_{2}$
Theorem 3.1 $(M, G)$
Lemma 3.7 ([Uc77] Lemma 5.3.1). $f,$ $f’$ : $\partial X_{t}arrow 8\cross z$ $G$ $\delta X_{\dot{t}}$ $X_{i}$
$M(f)$ $M(f’)$
( $M(\dagger)--\wedge X_{1}U_{\dot{f}}X_{2}$ )
(1) $f$ $\{’$ G-diffeotopic.
(2) $f^{-1}f’$ $\cross\iota 1_{arrow}-$ $G$
(3) $f’f^{-1}$ X2 \vdash - $G$
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3.2. .
Lemma 3.8. $T$ $\bigwedge_{\overline{t}1}M^{T}$
Proof. $P\in M^{T}$ $P$ $G$ Gp $T\subset$ Gp rank Gp
rank $G$ $G/G_{p}$
Proposition 3.9. $M’$ $T$ $(M, T)$ $M’$
$P\in M^{T}$ $(M’, T/T^{||})$ $T^{t\mathfrak{l}}\subseteq T$
Corollary 3.10. $(M, G)$
$T^{\mathfrak{n}}\subset T$ $(G/K_{I}, T/T^{1|})$ $\vdash-$
$G-G_{1}’\cross G_{1}||\supset K_{\mathfrak{j}}=K_{1}’\cross G_{I}^{I1}\supset T’\cross T\}|\simeq$
$T’$ G\’i $k_{1}=rankG_{t}||=\dim T$“, $P\in M^{T}$
dim $N_{p}(G/K_{1})=2k_{1}$
dim $G/K_{1}=2n-2k_{1}=2n-2$ rank $G_{t}^{\prime t}$
$(G_{\rceil}’/K_{t}’ ’ T’)=(G/K_{1}, T)$ $(G_{I}’/K_{1}’ , G_{t}’)$
Theorem A
$G_{1}’/K_{1}’\cong\prod_{-\dot{\iota},.- 1}^{Q}\mathbb{C}P(1_{t}1\cross\prod_{)^{1}}^{b}S^{2\mathfrak{n}\iota_{i}}$ ,




(1) $(G, K_{1}, K_{2})=(SU(2)\cross T^{t} , T^{1}\cross T^{l}, T^{1}\cross T^{1})(k_{\rceil}=\rceil=k_{2})-$.
(2) $(G, K_{t}, K_{2})=(SU(2)\cross T^{1} , SU(2)\cross T^{1},$ $T^{1}\cross T^{I}$ ) $(k_{t}=0, k_{-}\gamma---1)$





33. . Gp $=K_{1}$
$\sigma_{1}$ : $K_{t}=K_{1}’\cross G_{1}^{||}arrow 0(2k_{1})$ .
$\sigma_{\rceil}$ $SO(2k_{1})$ ( $K_{\rceil}$ ) $n=2$ $k_{\rceil}=0$
1
$k_{1}=0$ $k_{\rceil}=1$
$\sigma_{\dagger}$ : $T^{t}\cross T^{1}arrow T^{I}$ $s.t$ . $\sigma_{1}(t_{t},t_{2})=t_{1}^{\alpha}t_{2}$ .
$a\in \mathbb{Z}$ ( $T^{n}\subset G_{1}^{1\mathfrak{l}}$ $P\in G/K_{\rceil}$
)
$K$
(1) $(G\cross\kappa$ $D^{2}, G\cross\kappa_{2}D^{2})(k1=1=k_{2})$ $K_{i}$ $\sigma_{i}$ $D^{2}$ $K=\mathbb{Z}_{\alpha}\cross T^{1}$ .
(2) ( $D^{4}\subset \mathbb{C}^{2},$ $G\cross\kappa_{z^{D^{2})}}(k_{I}=0, k_{2}=1)$ $K=\mathbb{Z}_{a}xT^{1}\subset SU(2)$ .





Proposition 3.11. $(M, G)$ $(M^{4}, T^{2})$
$M$ |‘
(1) $G\cross K_{1}S^{2}$ .




(1) $G=su(2)\cross T^{1}$ $G$ .
(2) $G=U(2)$ .
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